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AT H R L A BRI A BT AR TR AR R AT 0w, sk Bl b | ik e B @ (response surface meth-
odology , RSM ) #= AL T A% 22 I #4--i% 4% 3 i (artificial neural networks and genetic algorithms , ANN-GA ) # 38 & B¢ B R | 5F
X # A ARA 25 R BT R H 4TI, 2 B & A& Box-Behnken X3 %5 R AW, HoaikiE SDF 4 & £ 2 A 4 2 SR
FPAR R A B IE) AR A E i BRI AR A A 2 RaT e 44T, X I RSM 5 ANN-GA #1369
AR BRI A HOR BT 12 ANN-GA LR FUMAA RIEE &, 43R ZME 4K, AT ANN-GA # 2 kT ¥4
H A AR L 1:38 (g/ml) KBTI 48 h B F 4.0%, 2R e F 2| s 54 F SDF 4% #4(5.97+0.73) %,
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Optimization of Soluble Dietary Fiber from Liquid Fermented Lotus Root Residues Based on
Response Surface and Artificial Neural Networks-Genetic Algorithms
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(1. College of Food Science and Technology, Nanjing Agricultural University , Nanjing 210095, Jiangsu,
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Jiangsu, China)

Abstract: To realize the high-value application of lotus root by-products and improve the soluble dietary fiber
(SDF) content of lotus root residues, this paper used lotus root residues as raw materials and inoculated Lacto-
bacillus paracaset PC18 to prepare SDF from lotus root residues through fermentation and modification. The ef-
fects of material-liquid ratio, fermentation time, and inoculation amount on the SDF content of lotus root resi-
dues were investigated through single-factor experiments and Box-Behnken experiments. On this basis, the fer-
mentation model was constructed by using response surface methodology (RSM) , as well as artificial neural
networks and genetic algorithms (ANN-GA) , and the optimization results and model parameters of the two
methods were compared. The results of the single-factor and Box-Behnken experiments showed that the main
factors affecting the SDF content of lotus root residues, in descending order of significance, were fermentation
time, material -liquid ratio, and inoculum amount. Through the validation experiments and the comparative
analysis of model parameters and optimization results, it was found that the overall fitting effect of models con-
structed by RSM and ANN-GA were both good, but the ANN-GA model had higher predictive and experimen-
tal values and lower relative error values. Based on ANN-GA , the optimal process parameters were determined
as a material-liquid ratio of 1:38 (g/mL), a fermentation time of 48 h, and an inoculum amount of 4.0%, and
the SDF content was verified to be (5.97£0.73)% under these conditions.
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SIS [R] 5 12 0] I £ 27 e R A7 ek L DLk 242 5 SDF
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PRSI, TN A 228 00 265 2 o 2R R Al R A 3ok pR s
JEH % A A B AR 2 T A R BE A S IR AASUA i 1
Z TTANE MIAUS), 45 5L S i i F AR R gt
TR AL 4% fe A A ke Ty 220, DRI AR A 008 T e b T
(response surface methodology , RSM ) i F #MELART | A T
i 25 ) 4% - 35t % 557k (artificial neural networks and ge-
netic algorithms, ANN-GA VLG Al & B2 A5 AF B 5T
Kbz B 56 . (HHATE A SCT RSM A ANN-GA
PeATs 2 LB IS A b o R, AR F 5 LA i oy It
AL, B S FLAT E PC18 Sy 50 v Bk, 18 Ak w1 18T 3
B N A 28 10 2% -5 A B0 A0 A L A Ty I A P ) e
FET 2280, JF R MR oA 7 2 A 7 LA, LA AR A 5
R Y A PR B AT 4E

1 MRl5H%
1.1 MRS

MRS AR5 IR 5L AL st 2 AR Y H R A B A
B YRS HADEE . T8 ; BT S ZLEE T B (Lactobacillus
paracasei)PC18 K : YL A BFFABEA = i T ¢
i) TR = s AN (b4l - VG BBl i
WA BRAE] ; LBE LT (B R ortral) - E 25 4E B ik
R A BR A ] 5 2- (N-E MEB ) 2B iR - — 8 Y S 2 5
F' %5 [2 - morpholinoethanesulphonic acid - tris (hydroxy-
methyl) aminomethane, MES - TRIS] . J& #3 1 75 # £ ity
(105 U/mL) (B R A AR « 22 se kA AL B A BR
ONT] =R A e (ZEARIRGR)D) - 92 [ Genview 2
A VBT a-TE R AR (10°10%) U/mL, A= fki 7]
it W ZE R R A BN A 5 B 2R 1S (200 U/mg,
AR « IR A R A BR A D
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JI500 B AR 8 M T RCT AL SR ) DSX-
18L-1 T4 S AR VKE R DI ZBEIFHL) ;
LRH-150 A= fb 35324 : LR A8 A7 PR\ s HH-
48 F i E RIS B AU PR TR R ARAT PR ] 5 LXT -
1B AR B0 : L1252 R4 2% ) ; DHG-9076A H
FRE IR G T« A 2 S A A PR D
1.3 ik
1.3.1 Ry AR il 5 M % T

P8 e R A BT 65 °CHL BV T B X TR AR T
ZEE TR AR, 2 100 H 5, 1 0 5 58
AR B &

H AR AR T B DT MRS WA 323 37 °C
Ki gt 24 h 364k 2 K, DL 3% 3PP 2 50 mL MRS
W AR R F2 b 37 °CH5 3% 24 he BT 5 000 r/min 25
O 10 min, 7 5 FVE W, 1 0.85% A= R K& Uk 2~
3 WK AR TR A, 05 R R R AR R DG P A R K
P LB R E N 7.0 1g(CFU/mL) , il il B . FRIGE
FE Ry, LL— s 1Y HL i A ZE IR K, i IR 2% HABIEs T
F A TR ATV, R 202K 30 s B 1 min J& , 4336 5
250 mL =AM, 7E 108 ‘C&M4 T #47 15 min K AL
K 5 FE S E TR AR & 4% 2% HRh i Rl Rl
T W FLAF I PC18 BARE , 7 —E S5 1F T X R By AR b
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% 18 GB 5009.88—2014C & fih &¢ & [E FARME & i
R AR 2 I ) T RS MR AE 2. FREUR AR 50 ¢
T 250 mL HEFE M, A 0.05 mol/L MES-TRIS 2% ik
80 mL,7E%4] . JIA 0.10 mL #F4 5E o-TE K WA , 78
95 “CE IR /K IV 35 min; ISR HIE 60 CJF, INA
0.20 mL B I (200 U/mg) , 75 60 “ClEIE/KIA SN
30 min J7, LA 3 mol/L LRI, AT pH R 4.5+
0.2; FRIITA 0.20 mL 3 ¥ %8 25 B 11 B (10° U/mL) , 78
60 CHE IR/ VE SN 30 min. K 3% #8130
S ENEW . B AR, P R S KT AR T &
THE, 32 EHME IDF., RS 95% L (R
1:4) IR ECHE AT EE DT A, 5 000 r/min 5.0 15 min,
CTHELE 65 °CHE AAIE VL R T4 v kT 2= L 15
F|FE 7 SDF, SDF &5 (S,%) 1 IDF & & (1,%) &
/N W1

§="1 %100

o om R R SRR P R T R T, g smy MR
TR i FE BUE) SDF i, g0

m,

I=—=x100

m

K om R BRI P R TR i, g5my WA
PEFE R HRE] IDF FifE o
1.3.3  BITEFLFE PC18 R ELFE® T 2404k
1.3.3.1 HHERAE

TE KB IREE 108 °C K FEIE 15 min ., FARPER N
1 2% Sl LT B R R, A R ST RRE LE[ 1210
1:20.1:30.1:40.1:50 (g/mL)]. & E#I[H] (24 .36.48 .
60.72 h) BRI (1%.2% 3% . 4% . 5%) . K B iR &
(33.35.37.39.41 C) X} & B8t il s PEE B 4F 4k &
A
1.3.3.2 W h i pe Ak ik ge

f8 1] Design Expert £, #R4E FL A 290 4501, ik
OB Lt & B[] #2 il H Z8 &, LA SDF &k
W 8 H , 32 F Box-Behnken 336351154, i = R &
AR, A KT 1,

% 1 Box-Behnken i{38i% it EZEKkF

Table 1 Factors and levels of Box-Behnken experiment design

K
K - N .
AR/ (gimL) B REEREIN  C 3R/ %
-1 1:30 24 3
0 1:40 36 4
1 1:50 48 5

1.3.3.3  ANN Az,

18 3 PR R R IS0 . Box-Behnken 56515 11 k)
WL R e ] AR 3 AN N A& L SDF
SO S B ST ANN B A AR F Matlab
2017b ' Neural Network Tool 15 % BP f1 £5 [ 25 FFL Al |
ARG A2 FEZ A )2 o N 17 e 45 )
4 8 4R T I 70% TR, 15% F T, 15%
FHT 5k
1334 kSt

ANN FUM A ARG J5 L 840 Matlab (%505 T H
RN T 22 D0 28 A B BB A S ) s P, 45540
WIFP B 258 B S SR RS FHARBLR A T
HER B AU, AT w48 5k 00, 15 B d5 K s A8
T, X ERICR A RN L | BRI ] AR 3
PRI 38 76— 22 ¥ Bl N E AT N T 28 W 2 A UL 55, DA
RSO 2 7 AR IS ] R EREA T 4 R T
1.3.3.5 WAL 5 ANN-GA ERIBHIF He 4k

R TR B A B A AP R v R I e N AT
ANN-GA R et 45 1F SDF 5tk ) 2 B fE 55 1 56
(B 2Z 5] 22 55, o B e RA(RY) (34 J7 L iR 22
(root mean square error, RMSE) | *F-#4 i 22 (absolute av-
erage deviation, AAD ) PFAS A Y T fE 081, 2N 2
mr,

AP X RS AR X, e 2 R T
(83 X AR B P 29(H s & il s 2 8
L4 Bdageit ot

K H SPSS Statistics #1758 [H 2 J7 22 50 #r (analy-
sis of variance, ANOVA ) , e BEXS 15 12 FH T 46 46 AS ) 21
FEAR 22 ] 22 57 B 7 (P<0.05) . Origin Pro 2021 4 fF
21§l K] 3% ; Design Expert #8417 Box-Behnken 1% 11 44
A 0 IO T8 A5 Y 5 Matlab 2017 4 : ANN A5 81 5 fifi
GA itk

2 ZER55MH
2.1 BARERIGLE
B R RE R E A B R] b A e I R X

SDF & 52
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AS F PR 1A AT, B 25 T R BR U B K, SDIF 45 %
A . iR L MRS NI , B R A SR B PRR A
) jﬁ + WAPERE , FEGEE SR AR T4 K R it
g s e M 4 SR B S PR STV 3 PR R, BB VAR
& i TR, K VR RS 4 B2 o N 96 4%, S B S 4l s
| {fi 5 IDF ¥4k % SDF2), SDF & it Fh i . 4 #I AR
a A, 1 Z P SR TR A, SR v A
LB E S TR % 58 % B R BUSCR 5 A
0

B 6 .

CK 1:10 1:20 1:30 1:40 1:50
R/ (g/mL)

5F ab —I_ b
_I_ be b
: b
i
4 3 ¢
=
2
2-
1-
0
CK 24 36 48 60 72
IR TR A /h
C 6
a
5k a = a
I I
b b
s ¢ il
) ¢
& 3
=
[am}
un 2_
].
0
CK 1 2 3 4 5
B /%
D 6
]1 a
5r fI_ /b b b
B B B
S
iz ¢
4o 3
=5
a
un 2-
l-
0
CK 33 35 37 39 41
KR C

ACRHB L B RIS )5 C. HeRP s D. R RERIE . CK FoR R EFLIR
R BERYRIERES o ARG T RERIR 2253 B35 (P<0.05)

E1 EEERXFEE SDF 22700

Fig.1 Effects of various factors on SDF content of lotus root

residues

A JETE SDF B s AH R4 e B -, 2B BOBHIE L 1:30.
1:40.1:50 (g/mL)#Ef7 )5 SR8 .

& 1B AL, B A I E) A SE K, SDF 5 48
S BRI TROE , Y K BERT[E A 36 h B, SDF
ik E](5.30+0.09) % . 7E 36 h Al , B Pk r X 5
FEW ) IDF SEATRERR , A2 /N 20, i — 2054k
g SDFRU, Wit a] i T 36 h 5, v 902k KL RERY
WEISTHAEIE K2, it [E) 4 R R85 T 400 o1 B 44
AR PR I, R EERE S TR, 8L SDF & i
WD, Ak NGB A I, R T ) K 3
FERE PR, SR O RIS (R 24,36 .48 h #E 1T/ 22

& 1C AT, B R A 1K, SDF & = 4e
TG BRAG, 24 3R 1k 3] 4% I, SDF & 5 5 250
MR L D A W A R R IR B TR T 4
T B T8 TR RO I LA 52 1 R 110 2 T, 2 ) L TR T AR 1
P AR R B A R RN, & B T e AR T 2
PR , (1 2 e AN RG , $ v  ad RO, PR AR 2R R E R 71
A3 AR | e VRS SR T DR T FE RS, [ AR T
W CRIH SDF, 5 e 2 Ak BEsh IR . L, HEE
PP 3% 4% 5% AT SR .

1D AT, B A R E T, SDF 5 i S
STt E RS 1E 33~39 CYLFIN, 35 'CF SDF
T, M (4.96+0.18)% . Al fEH T 7E— & R
BRI PN, e B e i B8 e 22 T v, LR TR A AR BRI
KERE ) TR R R R Ok i o R AR il A KR
B #E T SDF 43 B B 4508 28R, & A SDF 5
Ko LA, VR RFERE 35 CHT/R S5
2.2 M o AR Ak g 4 R

Wi J37 T a0 5 1T RN G S L3k 2.

F2 MEEREIEZITIngR

Table 2 Design and results of response surface experiment

M5 AR/ (g/mL) B REERIAIM € HMR/% SDF & /%

1 1:40 48 3 4.96
2 1:40 36 4 4.00
3 1:30 48 4 4.49
4 1:40 48 5 3.69
5 1:40 24 3 3.73
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Continue table 2 Design and results of response surface

experiment

5 AR/ (g/mL) B EEERFE/M € $ERR/% SDF & 5/%

6 1:50 36 5 3.56
7 1:40 24 5 4.23
8 1:30 36 3 3.57
9 1:40 36 4 4.37
10 1:40 36 4 4.65
11 1:30 36 5 261
12 1:40 36 4 4.63
13 1:50 36 3 3.39
14 1:30 24 4 3.27
15 1:40 36 4 4.57
16 1:50 24 4 4.43
17 1:50 48 4 4.47

| FH Design Expert AL BT R 2 19 0 5
R, Zk 2w EIHPAA /32 LA SDF & (V)X {748
i ACERR L) BOKEERSTE]) L CHERP &) R R 5 FE . Y=
4.44-0.24%A+0.24XB-0.20xC+0.30XAB—-0.28XAC-0.44%
BC-0.57xA?+0.30xB>*-0.59x(?,

W )57 TR [l YA 1) Oy 22 43 BT 4 R L3 3.

®3 MRzEEAERBE SR

Table 3 Fitting results of response surface regression model

JrzEkIE POy F AW By FfH P WEE
R 5.91 9 0.66 13.01 0.0014  **
A R L 0.46 046  9.04 0.0198 o
B RFEmE 048 048 942 00181 o
030  6.03 0.0438 *
k
*

1
1
C $f i 0.30 1
AB 0.35 1 035 690 0.0341
AC 0.32 1 032 632 0.0401
BC 0.78 1 0.78 1552 0.0056  **
A2 1.39 1 139 2753 0.0012  **
B? 0.37 1 037 728 0.0307 *
c? 1.40 1 1.45 2875 0.0011 =
hR 2% 0.35 7 0.050
JAIR 0.058 3 0.019 026 0.8509
a7z 0.30 4 0.074
B 6.26 16

TR RR 22 S 3 (P<0.01) s # R 22 53 1 % (P<0.05) .

28 3 AT, AR P<0.01, 25 W ot (] ) A 751
SR SR B 2E R BT P>0.05, 26 WTIZ [l 9 R AR
AT PR BRI A RO A . P, e R AR
R2=0.943 6, 2 Mt 94.36% i )b 28 4k A% 1F ok iE R B
R2,=0.871 1, F WA [A] F 55 Y 87.11% e 1o i 75 f, 2
E TP N R, 5 RE=5.57%<10%, M5
HAEELM. MT Fe>F>Fc, B IR E P ZE X 00 R A
SDF & 52 W K/NIUT Sy B R TR ] >A CRHRE L) >

COERbHL) s — IR A B.C 320 i % P<0.05; kI
A2 C? A B3 P<0.01, B2 $40H 2% P<0.05; 3¢ H.I0
AB AC 5% 8.3 P<0.05, BC S0k i3 P<0.01,
2.3 M 7 TSR A AR A I e

FIFH Design Expert #4443 Hr %F 0] 9 75 #2 i 17 3K
fift A5 3 2 e HURE W SDF Bt T A28 BRI 1
41.797 7(g/mL) . K& BT A] 47.545 9 h JEFPEE 3.416%,
FEBL SRR, #8# SDF % 4 5.058 07%. A T3¢
BRARAE B A T2 SHOREE R L 1:42 (g/mL) |
K EERTTE] 47.5 h 3R 3.4% , FE LS5 1F R k(T 3 IROF
ATHERE , 135 SDF & & F-3{H 0 (5.02+0.14) %
2.4 NT Mg iimigd sy S fe mikitie
241 N T AR 28 B H 5 25 R o0 Hr

F % 4 Matlab 2017b ' Neural Network Tool 4
i3 2 BP HZE L5 A BT A N L EL L & TR [
AR AR AL 3 AN AL TT, e 1A REZ,
Wi S22 A 25 TN BN 10, SDF &5 14 g 455 0 ik — gy
S TR EE—A 3-10-1 BRI ARTIEEH .
242 NT W4 p Rl a2l

N T 25 D) 24 rh DL 3 e 8 6 0 4 11 2
{E RAEEE T LA 320, e AT 28 I 25 55 R 4l
£ B ARE A HOS E LA 2.

R=0.996 87
A —_— o
O Hdk
43 mé
-
g ............... Y=T
=
£ 40
m
X
N
2 35
1]
=
b
3.0

30 35 40 45
SRz

B R=0.999 83

O HdiE
45t ey
............... Y=T

R+2.4

4.0r

3.5F

Hith=0.45xH

3.0t

30 35 40 45
HAxr
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c R=0.964 19 10tg
O Hik
45 me O 10°F
% ............... Y=T
(=} y
L 40 iﬁg .
= = 10
& x
o 35
E=
& 1072 ¢
3.0
E 3\ .
~ 3.0 35 4.0 45 0 05 1.0 1.5 2.f) 2?30 35 4.0 45 50
SE7N BUS ANV €1
o R=0.964 64 B3 ATHEMEHEE%RE
Y Fig.3 Iteration graph of ANN model
O ik
45t mE o i 4.017%, fEHAF T, FiE SDF &4 6.009 23% .
SR y=r S PR R AR K e T2 S RO R R R L
£ 40f O 1:38 (g/mL) K EERT[H] 48 h 3 i 4.0%, fﬁtﬂﬁlﬁ
£ £ THEAT 3 W4T RAE B, % 5 5% SDF 77y
(=) 3
S 35¢ (5.97+0.73)%.,
= 2.5 MRS ANN-GA A s
3.0¢ 2.5.1 WS ANN-GA BERIPEM S50 1A
, Wil 7 1A 325 T 7R AR LR P A AR 20 T2 N, BT

30 35 40 45
EEAY
ANk B BRE; C. IR D. #E i

2 ANI#HERKERHIFRE B ENSRE
Fig.2 Scatter plot of target values of ANN model dataset

& 2 FIAT, ANN JF & 25 0 | 503 A5 A (]
A ZH053 901 M 0.996 87.0.999 83.0.964 19, #& {4 451 1
B ZEN 0.964 64, H ANN YIIZR45 A5 5] R (4
{1075 i W A=A E NS R R T N bR ERSR € N 7
{EURE AL E 5 v, 2 A A2 110 Ao 48 o 28 A 76 St i 56 45
R TINRE ST 5

ANN FR AR 7712 22 (mean-square error, MSE ) {H
/N ANN AL 2 503000 48 56 250 90 o 0 e e s 27,
RN EA S R Br S A NS I

& 3 A AL ZE DI 2 e uE A i A v, MSE
Wit 1 Y BB D SR W 2 B D M, T 48 25 2] SR 4
TEE 34 epoch B RHERCR el , MSE {E 4 0.061 746,
VP T 00
243 RREILRALEE R

FIJH Matlab 2017b 3L 53 2 T H B T4 )5
P, GA-ANN VB Sy 3¢ 15 5503 385 17 B pR A, A8 e 4E 50k

3, Zpl B AL, 7 98 Yk L AR IR T AL

ZERL PRI EE 1:37.944 (g/mL) & BERTA] 48 h 4% Ff

AT ZE RIS EIHE e T 53 B T BRAS 45 A X ) o (L
B BT RK , TN T 445 D) ok A ] g vy 22 B A e P AR 7Y
KA AT A, PRI mT 2 B o M R e iz N
TR 280 R? RMSE AAD LB T 0 7 TG R 50 A0 A
TR 2 5 AL s 25 SR LR 4,

®4 IMEELS ANN-GA #EIFMHSHLE
Table 4 Comparison of evaluation parameters of RSM and ANN-

GA model
e RSM Fi7 ANN-GA H 7
PeE R R 0.943 6 0.9305
YRR 2% (RMSE) 0.206 3 0.1627
FER 2 (AAD) 0.134 7 0.104 1

HH 2 4 A0, e 7 AR AL () R? . RMSE \AAD 43
4 0.943 6.0.206 3.0.134 7, ANN-GA # %I ] R?,
RMSE \AAD 4351 0.930 5.0.162 7..0.104 1, ) )i/ T 55
ANN-GA FERI) R2ERAF] 0.93 LA |, 28 BT R A4
BRI EAS, ANN-GA BRI RMSE (AAD A b1 1o
TR TR R /N | R GBS TR 405 ) 000 16 ) e A1, T
W28 LT ERRS, 25 T b #, ANN-GA A0S i Jo
AT 78 35000 ) s LT DAk T R A R AT AR AR
HAE,
2.5.2  WAR 5 ANN-GA BRI AL 45 5 s

Y F ST ) ANN-GA AR RSM A% A0 HLAT T 45
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UG E N BE RT3 A4 i, 2 — A ISR ) e
PE , S UENE N5 ANN-GA BRI A6 A4 fre 445 K Tt
DNAE, IR PEAT LA, 45 2R N3k 5 s .

*5 WMMELS ANN-GA R ERILR
Table 5 Comparison of RSM and ANN-GA model optimization

results
It At SDF & /%
et BUR L REERE SR B e gﬁg;f%
(g/ml.) [E/h H/% Al 1
RSM 1:42 47.5 34 506 502 079
ANN-GA 1:38 48 40 600 597 050

H 3% 5 a2, i R T AR R 5 ANN-GA A5 5 (%) A5 %6
RZEME I /NT 5%, {H ANN-GA F55 750 AH X152 22 1 A %
TR, 2B ANN-GA R ELA T @b i 5 5 M

3 %Hig

LI R A T TT AT 0 e SR g p i Th T s R
SR T i, ISR R VR R 1 RURH A IT R A
TF 5 H2 P 0 T 1 LA P A IR ) 2 TV Ik s T 4
Fri, FEAT IR IR IR I B E R A A PR A ey
10 S TR R 2 ORI L | TR R] R

A5 EE T RSM Fil ANN-GA J7 145 AL 2k
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